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STRATEGIES FOR IMPROVING THE CYTOCHEMICAL AND IMMUNOCYTOCHEMICAL 
SENSITIVITY OF ULTRASTRUCTURALLY WELL-PRESERVED, RESIN EMBEDDED 
BIOLOGICAL TISSUE FOR LIGHT AND ELECTRON MICROSCOPY 
Jan A. Robot* and Geoffrey R. Newman 
Electron Microscopy Unit, University of Wales College of Medicine, 
Heath Park, Cardiff CF4 4XN, Great Britain. 
Abstract 
Many techniques for processing tissue into resin are 
available, varying from conventional room temperature 
to low temperature procedures. The problem is to 
choose an appropriate method to suit the biological spec-
imen under study. Room temperature approaches with 
aldehyde and osmium fixation do not give optimal reten-
tion of immunoreactivity. Osmium can be removed from 
sections, but recovery of immunosensitivity is reduced . 
Osmium post-fixation can be omitted, but heat polymer-
ization of resins causes tissue extraction and loss of 
immunoreactivity. Alternative techniques rely on the use 
of milder polymerization methods and avoid osmium. 
However, while providing an improvement, this alone is 
not sufficient to maximize tissue reactivity. Fixation with 
high concentrations of glutaraldehyde ( > 1 % ) and proc-
essing into resin at either room or low temperature re-
sults in retention of similar levels of immunoreactivity. 
Low concentration glutaraldehyde ( < 0.2 %) fixation for 
short periods of time ( < 60 minutes) produces improved 
tissue immunoreactivity and allows low concentrations of 
antigen at secondary sites to be detected. However, the 
tissue is now only minimally stabilized and is prone to 
extraction and conformational damage during processing . 
It can be partially protected by employing one of two 
strategies: processing at room temperature with partial 
dehydration (upto 70% solvent) and rapid embedding in 
LR White or Lowicryl K4M at O °C, or processing at 
progressively lower temperatures (PLT) and embedding 
in Lowicryl at -35/-50 °C. In a third strategy, specimens 
sensitive to very low fixative concentrations are cryo-
immobilized, then resin embedded after substitution or 
freeze-drying (this latter method awaiting evaluation for 
inclusion in our strategical approach). 
Key Words: Colloidal gold, cryosubstitution, immuno-
labeling, low temperature embedding, Lowicryls, LR 
White, partial dehydration, progressive lowering of 
temperature, room temperature embedding, immuno-
microscopy strategies. 
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Introduction 
The present-day microscopist often faces the choice 
of ultrastructural preservation or retention of immuno-
reactivity within tissue, since an improvement in one of 
these is usually only achieved at the expense of the 
other. Is it possible to reduce this compromise? The 
answer would lie in producing a strategy for preparing 
biological tissue for microscopy which has a considered 
approach, based upon both available data and an under-
standing of the processes involved, not upon trial and 
error. 
Conventional room temperature techniques involve 
aldehyde and osmium fixation followed by embedding in 
a polyester or epoxy resin. The presence of osmium 
generally precludes efficient cytochemical or immuno-
cytochemical investigations. It can be partially removed 
from sections by hydrogen peroxide (Baskin et al., 
1979) or metaperiodate treatment (Bendayan and 
Zollinger, 1983), but the level of immunoreactivity 
regained is below that which can be obtained with other 
techniques (Bendayan, 1984). Omitting osmium does not 
really solve the problem, as the aldehyde fixed tissue is 
prone to extraction and loss of immunoreactivity due to 
the heat necessary for polymerization of polyester or 
epoxy resins . Heat polymerization, although possible, 
can be avoided when using one of the commercially 
available modem acrylics (Lowicryls, LR White). Poly-
merization can be by either ultra-violet (UV) light or 
chemical catalysts, with no negligible heat rise if the 
volume of resin to be polymerized is kept small and an 
efficient heat sink used (Newman and Robot, 1987; 
Weibull, 1986). Milder processing protocols can be em-
ployed, so reducing extraction of soluble tissue compo-
nents and conformational damage, together with retain-
ing high levels of immunoreactivity. However, merely 
embedding in an acrylic resin using one of these proto-
cols does not necessarily confer the above advantages. 
Fixation is one of the prime limiting factors and 
often dictates the level of immunoreactivity expressed 
within the tissue. In an initial thesis on looking for 
strategies to improve tissue processing for colloidal gold 
immunolabeling methods (Newman and Robot, 1989), 
J.A. Robot and G.R. Newman 
we showed that low concentrations of glutaraldehyde 
fixation ( < 0. 2 % ) allowed the labeling of not only the 
primary or high concentration antigenic sites, but also 
the secondary or low concentration antigenic sites. 
Higher glutaraldehyde concentrations ( > 1 % ) only 
allowed labeling of the primary sites. The amount of 
labeling was similar whatever the subsequent processing 
and embedding method used . Low glutaraldehyde con -
centrations, however, minimally stabilize biological tis-
sue which makes it more prone to extraction and confor-
mational damage. It is therefore essential to employ 
milder processing protocols. which can reduce these ad-
verse changes. We have established two methods which 
can improve the retention of immunoreactivity in tissue. 
(1) At room temperature, partial dehydration upto 70 % 
organic solvent and embedding in LR White (Newman 
et al., 1982, 1983; Newman and Robot, 1987 ; 
Yoshimura et al ., 1986) . (2) At progressively lower 
temperatures (Fernandez-Moran, 1961) (PLT) upto 
100% organic solvent at -35 °C to -50 °C and embed-
ding in the Lowicryls (Carlemalm et al . , 1982 ; Robot, 
1989; Kellenberger et al., 1980; Roth et al., 1981). But, 
as these strategies promise well-preserved tissue, is this 
also achievable? Two new aspects of ultrastructure were 
demonstrated using the PL T technique and the 
Lowicryls: (a) the tran stubular network of the Golgi 
apparatus (Roth et al., 1985); (b) the periplasmic gel of 
the bacterial cell envelope (Robot et al., 1984) . Both 
structures have now also been demonstrated by the room 
temperature, partial dehydration, cold catalytic polymeri-
zation technique in LR White embedded tissue (Newman 
and Robot, 1987) and in Lowicryl K4M for the bacterial 
cell envelope (Robot, 1990). 
A third strategy is to avoid chemical fixation alto-
gether, especially if the antigenic sites in question are 
sensitive to even low glutaraldehyde concentrations. The 
tissue is cryo-immobilized and resin embedded after ei-
ther substitution or freeze-drying protocols (discussed in 
Robot, 1989) . With cryosubstitution, improved levels of 
immunoreactivity have been noted (Carlemalm et al ., 
1985; Schwarz and Humbel, 1989), as have new aspects 
of ultrastructure (reviewed in Robot, 1989, 1990, 1991). 
In this paper we reiterate our basic findings and 
extend them further to include use of the Lowicryls at 
room temperature, demonstrating in particular the versa-
tility of Lowicryl K4M by showing first results of this 
resin with the partial dehydration technique for immuno-
cytochemistry. This usage of the Lowicryls is based 
upon Kellenberger's study program to investigate the 
effects on ultrastructure and immunoreactivity of the 
various parameters involved in specimen preparation for 
electron microscopy (Hobot, 1989; Kellenberger et al., 
1980). We will discuss, upon the basis of our data, areas 
of application of these methods at the light (LM) and 
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electron (EM) microscopical levels, and search for a 
possible rationale as to why these techniques offer such 
advantages. We also accept that at present our conclu-
sions are based upon one particular model. This model, 
however, shows clear-cut differences in gold label locali-
zation between various methods, making it possible to 
use the data to improve immunoreactivity in other 
tissues. 
Materials and Methods 
Tissue fixation 
Normal male Wistar rats weighing 150-200 g were 
anesthetized by intraperitoneal injection with sodium 
barbiturate. Each rat was perfused at a hydrostatic pres-
sure of 120 cm at room temperature, via a cannula in-
serted through the left ventricle into the base of the aorta 
with varying concentrations (0.1 %, 0.2 %, or 1 % v/v) of 
monomeric glutaraldehyde (highly purified, vacuum dis-
tilled; Bio-Rad Microsci ence Division, UK) in 0.1 M 
Sorensen's phosphate buffer, pH 7 .3, for 15 minutes . 
After perfusion , pieces of pancreas were either washed 
briefly (2 x 5 minutes) in 0.1 M Sorensen's phosphate 
buffer, pH 7.3 and processed immediately for electron 
microscopy, or placed in glutaraldehyde (in 0.1 M 
Sorensen's phosphate buffer , pH 7 .3) of appropriate 
concentration for 45 minutes at room temperature. These 
samples were then washed (2 x 15 minutes) in 
Sorensen's phosphate buffer, pH 7.3. and processed for 
electron microscopy. 
Electron microscopy 
(a) Progressive lowering of temperature (PL]): 
Fixed samples were dehydrated in a graded series of 
ethanol down to -35 °C following the PLT protocol, and 
embedded in Lowicryl K4M with polymerization by UV 
light (Robot et al. , 1984; Hobot, 1989). 
(b) Room temperature partial dehydration : Fixed 
samples were dehydrated in 50% ethanol, 10 minutes; 
three 10 minute changes of 70% ethanol; a mixture of 
pure Lowicryl K4M:70% ethanol, 2: 1, 30 minutes; four 
20 minute changes of pure Lowicryl K4M. Samples 
were then placed for 10 minutes in precooled (0 ° C) 
pure Lowicryl K4M that had been dispensed into gelatin 
capsules (max. size '0') kept at 0 °C via an aluminum 
block. Polymerization was by indirect UV light for 24 
hours at 4 °C , followed by direct UV light for 72 hours 
at 4 °C (Hobot, 1989). It is also possible to polymerize 
Lowicryl K4M chemically at 0 °C (Robot, 1990). It is 
important to note that the 70 % ethanol is made up 
accurately from anhydrous 100 % ethanol; the 2: 1 
mixture of resin and 70 % ethanol is prepared fresh . 
The protocol for LR White is the same, except that 
polymerization is by the cold, chemical catalytic 
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procedure (Newman and Robot , 1987). Briefly, 15 µl of 
accelerator (London Resin Co., Basingstoke, UK) was 
added to 10 ml of precooled (0 °C) LR White (bard 
grade), the resin gently stirred for approximately 30 sec-
onds, so as not to introduce air bubbles, and dispensed 
as above into gelatin capsules (max. size 'O') kept at 
0 °C via an aluminum block. The samples were placed 
in the resin, the capsules sealed, and allowed to poly-
merize for 24 hours at O °C. Blocks were stored at 
-40 °C until required, and then further hardened at 
50 °C for 2 hours to improve sectioning qualities . This 
last step does not reduce the sensitivity of subsequent 
immunocytochemical procedures or adversely affect 
ultrastructure (Newman, 1989; Newman and Robot, 
1987). 
(c) Room temperature, complete dehydration: Fixed 
samples were dehydrated in a graded series of ethanol 
(upto 100%), embedded in Lowicryl K4M and polymer-
ized by UV light at room temperature as described pre-
viously (Robot et al., 1984; Robot, 1989). For both (b) 
and (c), samples are kept on a rotating device to facili-
tate resin/solvent infiltration. 
(d) Cryosubstitution: The pancreas was removed 
and dissected quickly from a freshly killed normal male 
Wistar rat (of approximate weight 200 g), and without 
any treatment from fixatives or cryoprotectants, rapidly 
frozen by slam-freezing on a copper block cooled by liq-
uid nitrogen (KF80 freezer plus MM80 slam attachment, 
Reichert-Jung, c/o, Leica UK Ltd., Milton Keynes, 
UK) . Substitution of the samples was with 3 % (v/v) 
glutaraldehyde in pure acetone at -80 °C, followed by 
low temperature embedding at -35 °C in Lowicryl K4M 
and UV polymerization as outlined earlier (Robot et al., 
1987; Robot, 1989). 
(e) Cryoultramicrotomy: Rat pancreas, which had 
been fixed by vascular perfusion with 0.2 % glutaralde-
hyde for 30 minutes (cf. Tissue fixation above), was in-
filtrated with 2. 3 M sucrose in O .1 M Sorensen's phos-
phate buffer, pH 7.3 , for 2 hours. Small pieces of tissue 
were then mounted on aluminum stubs and rapidly fro-
zen in liquid nitrogen. For cryosectioning, the aluminum 
stubs were mounted in a Reichert-Jung FC4D low tem-
perature sectioning system used in conjunction with a 
Reichert-Jung Ultracut 'E' ultramicrotome. The frozen 
sections were collected on 300 mesh nickel grids (hexag-
onal, high transmission), and which had a carbon-coated 
collodion film. Grids plus sections were stored, section-
face down, for 30 minutes on plates of 0.3 % agarose/ 
1 % gelatin, made up in 0.01 M PBS, pH 7.4. They 
were then immunolabeled as described below . 
(f) Other protocols: For methodologies of results 
discussed in this paper but not shown, the reader is 
referred to Newman (1989) for LR White and to Robot 
S29 
(1989) for Lowicryls. 
Colloidal gold immunolabeling 
(a) Of resin sections : Thin sections were cut on an 
LKB III Ultramicrotome and picked up on the shiny sur-
faces of naked nickel grids (300 mesh, hexagonal, high-
transmission). Grids were air-dried without contact with 
filter paper . Sections were immunolabeled by immersing 
the grids totally in 30 to SO µ1 drops of solution at room 
temperature. The primary antibody was rabbit anti-rat 
anionic trypsin (a kind gift of Prof. John Kay, Univer-
sity of Wales College of Cardiff, UK). The protocol was 
briefly as follows: equilibration in 10 mM phosphate 
buffered saline (PBS) containing 0.6 % bovine serum 
albumin (BSA), pH 7.4 , S minutes; incubation for 60 
minutes in primary antibody diluted (1/1000) in 
PBS/BSA. pH 7.4; PBS/BSA, 1 minute; 20 mM Tris-
HCl buffer , pH 8.2, 2xl minute; goat anti-rabbit IgG 
conjugated to 10 nm colloidal gold, in Tris-HCl buffer, 
60 minutes (BioClinical Services , Cardiff , UK); Tris-
HCl buffer, 1 minute; distill ed water, 2xl minute; 4% 
(w/v) aqueous uranyl acetate, 20 minutes; wash with 500 
µ1 distilled water dispensed slowly from an Eppendorf 
pipette ; grid air-dried as above; lead acetate, 30 seconds 
(Millonig, 1961); distilled water wash and air-drying of 
grid as above. The only step avoiding complete 
immersion of the grids was counter-staining with lead 
acetate, where the grids were floated on the stain 
droplet. Any excess liquid carry-over in the labeling 
protocol was removed by gently shaking the grid, but 
not so as to cause the sections to dry out. For controls 
see Newman and Robot (1989). 
(b) Of "thawed" cryosections: Labeling of "thawed" 
cryosec tions , with a polyclonal serum of rabbit IgG's 
specific for rat anionic trypsin, followed a protocol 
modified from Tokuyasu (1984). Grids were floated off 
the agarose/gelatin plates with 100 µ1 0.01 M PBS con-
taining 0.01 M glycine, pH 7.4, and then washed by 
floatation, section-side face down, on 30-50 µI drops of 
this buffer for 3xl minute and lxlO minutes. The next 
steps were: 0.01 M PBS plus 0.6% BSA, pH 7.4, lxl 
minute ; serum dilution (1/200 in PBS+ BSA), lx45 min-
utes; PBS+BSA, 3xl minutes; 20 mM Tris-HCl, pH 
8.2, 4xl minute; 10 nm colloidal gold conjugated to goat 
anti-rabbit lgG (BioClinical Services, Cardiff, UK), 
diluted 1/5 in Tris-HCl, lx45 minutes ; Tris-HCl, 2xl 
minute; double-distilled water , 6x 1 minute; 4 % aqueous 
uranyl acetate, lxlO minutes; wash in double-distilled 
water, by quick transfer over four drops; methyl cellu-
lose solution [0.2% w/v methyl cellulose (400 c.p.s.), 
1.8 % w/v polyethylene glycol (M.W. 1540), 0.01 % w/v 
uranyl acetate, dissolved in double-distilled water], lxlO 
minutes; excess methyl cellulose solution was gently re-
moved with filter paper (Wbatman No. SO), and the grid 
J.A. Robot and G.R. Newman 
Fig. 1 (facing page). Rat pancreas, prepared, following perfusion-fixation with glutaraldehyde for 15 minutes, by the 
PLT protocol and embedded in Lowicryl K4M. (a) 1 % glutaraldehyde, (b) and (c) 0.1 % glutaraldehyde. Sections la-
beled for rat anionic trypsin as per Materials and Methods . Only in (b) and (c) is the RER labeled. Key for Figures: 
Nucleus (N), Zymogen granules (Z), Mitochondria (M). Golgi apparatus (G), Lumen (L), Microvilli (V). Bar marker 
0.5 µ,m. 
air-dried. Excess solution was shaken off gently at each 
step to prevent "carry-over", but any drying out of the 
grid was avoided. The grids could now be examined in 
an electron microscope . 
All sections were examined in either a Philips 
EM300 or Philips CM12 electron microscope operating 
at 80 kV. 
Results 
PLT/Lowicryl K4M 
Pancreas of rat which had been fixed by vascular 
perfusion for 60 minutes with 1 % glutaraldehyde and 
processed by PLT for embedding in Lowicryl K4M , 
showed a well-preserved ultrastructure and good labeling 
over the Golgi apparatus and zymogen granules, the pri-
mary, high concentration storage sites of trypsin (Robot, 
1989). Reducing the fixation time to 15 minutes made 
little difference (Fig. la). Lowering the glutaraldehyde 
concentration to 0.1 % , and perfusing the pancreas with 
fixative for only 15 minutes, while still giving an overall 
well-preserved ultrastructure, allowed labeling of the 
rough endoplasmic reticulum (RER) as well as all the 
other sites (Fig. lb). The soluble lumen contents were 
retained and microvilli well-characterized (Fig. le). In 
addition to the RER, both the lumen contents and 
zymogen granules were labeled strongly (Fig. le). 
Partial dehydration/LR White 
Fixation with 1 % glutaraldehyde, followed by par-
tial dehydration and embedding in LR White at room 
temperature (Fig . 2a) gave the same labeling pattern as 
tissue similarly fixed and prepared by PLT/Lowicryl 
K4M (Fig . la). However, just as above, lowering the 
glutaraldehyde concentration to 0.1 % now also allowed 
labeling of the RER as well as the other sites (Fig . 2b). 
When using LR White, the partial dehydration method 
has to be carried out rapidly, using cold, chemical 
catalytic polymerization because prolonged exposure to 
resin can damage the tissue and nullify the results. 
High fixative concentrations and room temperature 
embedding/Lowicryl K4M 
Room temperature embedding of 1 % glutaraldehyde 
fixed pancreas in Lowicryl K4M, following complete de-
hydration, labeled the zymogen granules (Fig . 3). The 
same result with high fixative concentrations was ob-
tained after either complete (Newman, 1989) or partial 
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dehydration (Fig. 2a) protocols at room temperature with 
LR White, and with Lowicryls K4M (Fig. la) and HM20 
(Robot, 1989) following PLT. The Golgi apparatus, 
though not seen in all micrographs, was, like the 
zymogen granules, always labeled irrespective of the 
processing and embedding method employed (Newman 
and Robot, 1989). 
Low fixative concentrations and room temperature 
embedding/Lowicryl K4M 
Lowering the glutaraldehyde concentration to 0.2 % , 
fixing for 30 minutes, and using the complete dehydra-
tion protocol for Lowicryl K4M at room temperature did 
not change the pattern of labeling (Fig. 4a). The 
zymogen granules and Golgi apparatus were immuno-
reactive with anti-trypsin , but not the RER. A significant 
shift in the labeling pattern was only noticed when the 
rat pancreas was processed at room temperature by par-
tial dehydration and embedded in Lowicryl K4M using 
UV polymerization at 4 °C (Figs. 4b and 4c). The RER 
was labeled as well as the other sites. The ultrastructural 
appearance of the cells was also acceptable. 
Efficacy of RER labeling/Cryosubstitution 
There is the possibility that tissue which is minimal-
ly cross-linked by glutaraldehyde has suffered from 
translocation of enzyme antigen from the zymogen gran-
ules to the cytoplasm, in particular the RER . That this 
is most probably not the case is supported by three ob-
servations. Firstly, tissue that has been minimally cross-
linked by glutaraldehyde, but subjected to the room tem-
perature, complete dehydration protocol, does not show 
RER labeling (Fig. 4a). Secondly, no trypsin passes out 
of the cytoplasm into the intercellular space (see Fig. 4b 
- very low gold background in the bottom left-hand cor-
ner) . Thirdly, in cryosubstituted rat pancreas both the 
zymogen granules and RER are intensely labeled (Figs. 
5a and Sb), with no loss of trypsin from the tissue into 
the resin (see Fig. 5b - very low gold background over 
the resin in the bottom right-hand). In cryo-immobilized 
cells, followed by substitution and embedding at very 
low temperatures (-80 °C to -35 °C), movement of solu-
ble cellular components is severely limited (Robot, 
1989, 1991), so enhancing the likelihood that the above 
findings reflect the actual localization of trypsin 
antigenic sites . 
Cryoultramicrotomy 
Rat pancreas, that had been perfused-fixed with low 
Strategies for Immunomicro scopy 
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J.A. Robot and G.R. Newman 
Fig. 2 (facing page). Rat pancreas, prepared, following perfusion-fixation for 60 minutes (see Materials and Methods), 
by the room temperature, partial dehydration protocol and embedded in LR White. (a) 1 % glutaraldehyde , (b) 0.1 % 
glutaraldehyde. RER labeling only occurs in (b). Bar marker 0.5 µ.m. 
Fig. 3 (facing page) . Rat pancreas, prepared, following perfusion-fixation with 1 % glutaraldehyde for 60 minutes (see 
Materials and Methods), by the room temperature, complete dehydration protocol and embedded in Lowicryl K4M. 
There is no RER labeling. Bar marker 0.5 µ.m. 
concentrations of glutaraldehyde (0. 2 % ) for 30 minutes, 
had a reasonable level of structural preservation, when 
observing the thawed cryosections (Figs. 6a and 6b) . 
There was very intense labeling of the zymogen gran-
ules, but also a high background over the mitochondria 
(Figs. 6a and 6b), which could conceivably reduce the 
observed low RER labeling (Fig. 6b) . 
Discussion 
In all the methods and protocols outlined in this 
paper for processing the pancreas of rat into resin, im-
munolabeling was always present over the Golgi appara-
tus and the zymogen granules, the primary, high concen-
tration antigenic sites of trypsin. Irnmunolabeling of 
secondary, low concentration antigenic sites of possible 
trypsin manufacture, the RER, was only possible with 
three of the methods: PL T, room temperature partial de-
hydration and cryosubstitution. Even so, with the first 
two of these methods, only protocols employing low 
concentrations of glutaraldehyde allowed labeling of the 
RER. Thus, in our investigations we were able to visual-
ize antigenic sites that were very sensitive to the con-
centration and time of fixation, and so were either la-
beled or not labeled . We could therefore more accurate-
ly gauge the efficacy of optimizing any given method or 
protocol in retaining tissue immunoreactivity. This is in 
contrast to many other studies in the literature , which 
have inaccurately compared methodologies, usually not 
optimized, by counting whether more or less label (in 
terms of colloidal gold particles) is present. The question 
also arises of whether or not all localizable antigenic 
sites within a cell are labeled by any one particular 
method. If the wrong method is chosen, it can lead to 
errors in interpreting the biological significance of the 
result. It is therefore important to have an approach to 
the problem of tissue processing and embedding based 
on an understandable strategy. 
The results with PLT show that lowering the glutar-
aldehyde concentration for fixation brings about a differ-
ent pattern of labeling, with secondary, low concentra-
tion sites for trypsin in the RER of pancreatic acinar 
cells becoming detected (cf. PLT/Lowicryl K4M) . 
Treated in isolation, it would seem that the fixative 
concentration plays an important role in the level of 
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immunoreactivity retained. This observation is also seen 
with LR White following the room temperature, partial 
dehydration method after having lowered the glutaralde-
hyde concentration (cf. Partial dehydration/LR White). 
However, when comparing at room temperature the pro-
tocols of complete dehydration to partial dehydration, 
and having used low fixative concentrations for both 
methods, sharp differences in the immunolabeling pat-
tern are seen (cf. Low fixative concentrations and room 
temperature embedding/ Lowicryl K4M). Only with par-
tial dehydration are the secondary, low concentration 
sites of the RER labeled. Therefore, the degree to which 
the tissue is dehydrated by the organic solvent is also 
important, in addition to the concentration of fixative. 
It can be concluded that 1 % glutaraldehyde reduces 
the reactivity of potential antigenic sites (usually 
structural proteins or enzymes) much more than lower 
concentrations of less than O. 2 % , an effect already ob-
served in vitro by Kraehenbuhl et al. (1977). Stronger 
cross-linking of proteins by the 1 % solution may reduce 
their irnmunoreactivity, this being more noticeable in 
cellular locations where a particular protein may be 
present at low concentrations . This would indicate that 
low concentrations of fixative applied for a short time 
are best suited for retaining immunoreactivity. The 
advantages of minimally cross-linking proteins in this 
way are lost if room temperature, complete dehydration 
protocols are used. They are not lost if either the room 
temperature, partial dehydration or PLT protocols are 
followed. Is there any similarity between the methods, 
especially in their dehydration stages? 
Both methods are probably able to reduce extraction 
of soluble tissue components. Lipid retention has been 
found to be higher with partial dehydration (Zini et al., 
1989) and PLT (Weibull et al., 1983; Weibull and 
Christiansson, 1986) when compared to other proce-
dures. It has already been discussed that at the low tem-
peratures used for PLT, the hydration shells around 
proteins may be better preserved in an organic solvent 
than in the corresponding solvent concentration at room 
temperature (Kellenberger et al., 1980). From tables 
showing the values of the dielectric constant of organic 
solvents at various temperatures, the fall in the dielectric 
constant at progressively lower temperatures is not as 
marked as the corresponding fall at room temperature, 
':~,,. ·,:, . • ...r' 
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'· .. :'"~• ~. 
•1, • ~. 
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J.A . Robot and G.R. Newman 
Fig. 4 (facing page). Rat pancreas, prepared by perfusion-fixation with 0 .2 % glutaraldehyde for 30 minutes (see 
Materials and Methods) and embedded in Lowicryl K4M. (a) Room temperature, complete dehydration protocol. (b) 
and (c) Room temperature, partial dehydration protocol. RER labeling only occurs in (b) and (c). Note the very low 
gold background over the intercellular space in the bottom left-hand comer of (b), showing that trypsin enzyme is not 
being translocated (see text for details). Bar marker 0.5 µm . 
upto concentrations of 100% organic solvent (Douzou et 
al . , 1976). The available data, for methanol, gives a 
dielectric constant of 46 . 9 at -35 ° C for 100 % methanol, 
as opposed to a value of 33.6 at 20 °C . Most interest-
ingly, the dielectric constant of 70 % methanol at 20 °C, 
the final organic solvent step in the partial dehydration 
protocol, is 46.3 (Douzou et al., 1976). The value for 
water at 20 °C is 80.4. It could therefore be suggested 
that perhaps a similar environment exists for preserving 
hydration shells at both -35 °C and 20 °C when biologi-
cal tissue is in 100% and 70% organic solvent respec-
tively . Organic solvents with higher dielectric constant 
values, for example ethylene glycol or dimethylforma-
mide (Douzou et al., 1976), may provide more amena-
ble conditions for maintaining the hydration shells. 
Unfortunately, though, no data are available for or-
ganic resins. Acrylic resins are able to tolerate water to 
a lesser or greater extent, depending upon their position 
on a suggested sliding scale from whether they are more 
polar/hydrophilic to less polar/less hydrophilic: Lowicryl 
K4M > Lowicryl Kl lM > LR White > Lowicryl 
HM20 > Lowicryl HM23 . Their ability to be variably 
compatible with water may create conditions for comple-
menting a region of polarity ( or water) around molecular 
structures. Such properties of acrylic resins could be 
responsible for allowing a degree of hydration to be 
retained within the tissue, so increasing the chances for 
improvements in ultrastructure and immunoreactivity. 
Which of the acrylic resins, polar or less polar, may be 
more suitable is difficult at present to judge. Although 
all the Lowicryls are compatible with PLT, giving the 
same ultrastructural preservation (Robot et al., 1984) 
and retention of immunoreactivity (Durrenberger, 1989; 
Robot, 1989; Robot and Rogers, 1991; Schwarz and 
Humbel, 1989), only the more polar Lowicryls (K4M, 
Kl lM) and LR White can be used for the room temper-
ature, partial dehydration protocol. These more polar 
acrylic resins are readily miscible with 70% organic sol-
vent in a 2: 1 mixture. This is not the case for Lowicryls 
HM20 and HM23, which can however be mixed 1: 1 
with 90 % organic solvent. We are at present examining 
the possibility that the answer may lie in a combination 
of temperature, organic solvent (with reference to its 
dielectric constant), and polar properties of resin. 
The dielectric constant values for organic solvents 
at the lower temperatures used for cryosubstitution 
would seem more favourable. Here the same points as 
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discussed above apply. Retention of ions and other solu-
ble, extractable cellular components is possible, and has 
been discussed elsewhere, as has the preference for 
methanol or acetone as the substituting agent (Robot , 
1989, 1991). 
Other parameters may also be involved in increasing 
the immunoreactivity of the embedded tissue . It has been 
shown that upon sectioning of acrylic resins, a surface 
relief of height 2-6 nm is formed (Kellenberger et al . , 
1987). Antigenic sites so exposed would be labeled, and 
as Epon sections have a surface relief about three times 
less, this would account for the observed improved 
labeling on acrylic resins (Kellenberger et al., 1987). 
Results in the literature suggest otherwise, with the same 
level of labeling in some cases being observed on both 
Epon and Lowicryl sections (Roth et al., 1981; 
Bendayan, 1984). Even omitting etching of Epon sec-
tions with sodium ethoxide/methoxide or treatment with 
hydrogen peroxide/periodate solutions, which can induce 
an artificial surface relief, excellent labeling for amylase 
in rat pancreas (fixed only with 0.5 % glutaraldehyde) 
was obtained over the smooth Epon section surfaces 
(Bendayan et al., 1980). Recently, it has been suggested 
that aldehyde fixation may have an effect on the inter-
action between tissue and resin, so affecting the height 
of the surface relief obtained on sectioning (Kellenberger 
and Hayat, 1991). It could explain the different pattern 
of labeling observed on 1 % and 0.1 % fixed pancreas 
processed into Lowicryl K4M by PLT, if this result is 
treated in isolation. However, it does not explain why 
fixation with 0.2 % glutaraldehyde, and embedding in 
Lowicryl K4M at room temperature employing complete 
and partial dehydration protocols, produced with the lat-
ter method labeling of RER not seen with the former 
method, and levels of colloidal gold marking that were 
higher (Fig. 4). With low temperature procedures, the 
hydration shell of proteins may be preserved, even after 
polymerization. It could disappear as the temperature is 
raised to ambient, and allow the formation of a surface 
relief so revealing antigenic sites (Kellenberger, 1991). 
We have discussed earlier the possibilities of retaining 
similar polar environments around molecular structures, 
either at room or low temperatures. Our results there-
fore pose the question, as to when during the room tem-
perature partial dehydration protocol the hydration shell, 
if present, would disappear? 
It would seem that although the section surface 
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Fig 5 a and Sb (facing page) . Rat pancreas, prepared by cryosubstitution and low temperature embedding in Lowicryl 
K4M. Both the RER and zymogen granules are well-labeled. Bar marker 0.5 µm. 
Fig. 6a and 6b (facing page). Rat pancreas , prepared, following perfusion-fixation with 0.2 % glutaraldehyde for 30 
minutes and sucrose infiltration, by rapid freezing for ultracryomicrotomy (see Materials and Methods). The zymogen 
granules are heavily labeled (a), but the RER labeling (b) appears similar to the background, as observed over the 
mitochondria. Bar marker 0.5 µm. 
relief may have some role in influencing the level of im-
munolabeling on sections, it is one among many parame-
ters involved in this technique. The cross-linked density 
of the acrylic resins can be varied by controlled chemi-
cal polymerization (Robot, 1989; Newman, 1989). Less 
cross-linked resins are found to give an appreciably 
higher immuno-response in terms of labeling density, es-
pecially when combined with partial dehydration 
(Newman, 1987). In this case the surface relief may be 
more pronounced, as also perhaps the ability of the resin 
to allow some penetration of antibody below the section 
surface, but with an extruding portion still recognizable 
to the colloidal gold detection system, in which the col-
loidal gold itself cannot penetrate the section. It has been 
tentatively shown that antibody penetration may occur 
into the less cross-linked meshwork of acrylic resin sec-
tions, if detection systems not relying on colloidal gold, 
such as peroxidase, can be used (Newman and Robot, 
1987). 
Cryoultramicrotomy 
The paper has concentrated mainly on methods in-
volving resin embedding. Cryoultramicrotomy avoids the 
use of organic solvents and organic resins, so removing 
any adverse effect they may have on tissue structure and 
retention of immunoreactivity. But the influence of 
chemical fixatives is not removed. Therefore the differ-
ences observed after using high or low concentrations of 
glutaraldehyde fixation with resin embedded tissue will 
probably also be seen following cryoultramicrotomy. 
We only observed labeled cryosections after perfu-
sion-fixation with low concentrations of glutaraldehyde 
(0.2 % for 30 minutes). Therefore, within the context of 
the results presented here, primary, high concentration 
antigenic sites are always labeled, whether after resin 
embedding or cryoultramicrotomy. The zymogen gran-
ules are probably more intensely labeled after cryoultra-
microtomy . Secondary, low concentration antigenic sites 
are revealed only after low fixative concentrations are 
used followed by partial dehydration or PLT protocols 
and resin embedding. For low fixative concentrations 
and cryoultramicrotomy, it would seem that secondary, 
low concentration antigenic sites in the RER are not 
labeled, or the label is much reduced (Fig. 6b). Whether 
the non-specific background could be lowered has still to 
be determined. Even then, the level of labeling in the 
RER would still be much lower than that seen after resin 
S36 
embedding (compare Fig. 6b with Figs. lb, 2b, 4b and 
5a). Similar results of very low labeling of the RER for 
amylase and chymotrypsinogen in cryosections of rat 
pancreas were obtained using either 2 % formaldehyde/ 
0.2 % or 0.5 % glutaraldehyde mixtures (Posthuma et al., 
1984, 1986; Slot and Geuze, 1983). Indeed, such alde-
hyde mixtures, followed by resin embedding, will give 
the same immunolabeling results as those observed after 
1 % glutaraldehyde fixation (e.g., 0.1 % glutaraldehyde 
plus 2 % formaldehyde, A .L. Bowdler, private communi-
cation and Institute of Medical Laboratory Sciences 
Fellowship Thesis, London, 1991). Low fixative concen-
trations for cryoultramicrotomy may be suitable for 
structural proteins, but smaller peptides and more solu-
ble proteins, especially if present in low concentrations, 
may be lost during cryosection thawing, or during the 
incubation of cryosections on reagent droplets for 
immunolabeling. Higher concentrations of fixative may 
prevent this loss by increased cross-linking, but by 
altering tertiary structures will lower the chances of 
these proteins being immunolabeled. We are at present 
further exploring this area. 
In conclusion, it can be deduced from the results 
presented here, that treatment of biological tissue with 
organic solvents or resins using the more sensitive em-
bedding protocols, gives very good immunolabeling of 
both primary and secondary antigenic sites. No advant-
age is seen in using cryoultramicrotomy to avoid the use 
of these organic solvents and resins. In addition, where-
as, immunolabeling of fixation-sensitive antigens is im-
possible by cryoultramicrotomy, it may well be possible 
following cryosubstitution or freeze-drying and resin 
embedding . 
Applications for LM and EM 
In order to obtain optimal results, especially when 
using partial dehydration or PLT, fixation should be, 
wherever possible, by perfusion. The fixative is deliver-
ed to the whole tissue quickly, which is important in the 
cases where low fixative concentrations are being ap-
plied for short periods of time. No concentration gradi-
ents are set up as occurs in immersion-fixed tissue. Tis-
sue fixed by immersion is generally more cross-linked in 
the outer regions, such that a gradient from the outer to 
inner parts of the tissue, corresponding to areas of good 
to poor structural preservation, is built up. Interestingly, 
the gradient for immunoreactivity is often the reverse, 
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higher and more sensitive labeling being seen over the 
areas of tissue that have been less cross-linked by the 
fixative. 
Not all problems with biological tissue will be 
solved by the more sensitive preparative procedures, and 
a decision will have to be taken based upon the merits of 
the desired outcome as to which strategy to follow. 
Large, pathological specimens are generally not well 
polymerized by UV light. Chemical polymerization, 
though possible with the Lowicryls (Robot, 1989, 1990), 
is better handled by LR White (Newman, 1989). Points 
to bear in mind here are that such specimens usually re-
quire fast processing for a rapid presentation of results 
and diagnosis. EM work is often based on LM observa-
tions. Although semi-thin sections can be cut from 
Lowicryl blocks, the more polar Lowicryls (K4M, 
K11M) interact with the basic dyes/stains used in LM 
cytochemistry (results not shown). This would probably 
exclude peroxidase diaminobenzidine (DAB) techniques 
from being used with these resins. Lowicryls HM20 and 
HM23 are useful for LM, but lack the versatility to be 
rapidly processed, if required, by partial dehydration. 
Experimental results have demonstrated that, although it 
can be classed as one of the more polar acrylic resins on 
our previously suggested sliding scale of polarity, LR 
White has characteristics eminently suitable for the 
above LM and EM correlative work (Bowdler et al., 
1989; Newman, 1989; Newman et al., 1986, 1989). 
The Lowicryls are most useful for studying the 
various embedding methods (cf. Introduction), as the 
resins can be used over a very wide temperature range , 
+60 °C to -80 °C. Tissue fixed with low glutaraldehyde 
concentrations ( < 0. 2 % ) for very short periods of time 
( < 15 minutes) is probably more suitable for processing 
by PLT and the Lowicryls (Newman and Robot , 1989). 
Such processing can be taken even further with PLT 
down to -50 °C and embedding in Lowicryl HM20, 
where lipid retention can be as high as 89 % (Weibull 
and Christiansson, 1986). This could be significant for 
studying sensitive antigenic sites in membranes. Further, 
immunolabeling sensitivity after PLT and embedding in 
Lowicryl HM20 is similar to that obtained with Lowicryl 
K4M (Robot, 1989; Robot and Rogers, 1991). Two 
important properties of the Lowicryls, their low viscosi-
ty and ability to be polymerized at very low tempera-
tures, has also opened up a tremendous opportunity to 
investigate more deeply the advantages offered by 
technical developments in the fields of cryo-immobiliza-
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Discussion with Reviewers 
L. Edelmann: Do you have results obtained after cryo-
substitution in pure acetone or methanol? Do you expect 
an influence of the concentration of glutaraldehyde in the 
substitution fluid on the immunoreactivity of very 
sensitive antigenic sites? 
Authors: We have no firm results on rat pancreas with 
pure solvent, but intend to rectify this, using either 
methanol or acetone as the sole substitution medium. 
With bacteria, we know that the presence of fixatives in 
the substitution medium is not required to preserve DNA 
fine structure (Robot, 1990, 1991), a structure that can 
only be stabilized for resin embedding by cryosubsti-
tution, without the involvement of any prior prefixation 
(Robot et al., 1985). Bacterial DNA fine structure is 
affected by chemical fixatives causing ionic leakage 
prior to either rapid-freezing or room/low temperature 
processing protocols as described in the Methods . As the 
bacterial DNA structure is not affected during various 
cryosubstitution protocols, even in those containing a 
fixative in the substitution medium, it may well be that 
at the processing temperatures used for cryosubstitution 
and Lowicryl resin embedding (-35 °C to -50 °C or 
lower), the fixative has no adverse influence on structur-
al appearance or immunoreactivity. Horowitz et al. 
(1990) observed no cross-linking action of 3 % glutaral-
dehyde in methanol at -45 °C, but obtained cross-linking 
of histone proteins from chicken erythrocyte nuclei in 
3 % glutaraldehyde/acetone solutions at -45 °C after 16 
hours. Glutaraldehyde (in methanol) has some cross-
linking effect at -50 °C, and more at -30 °C, on BSA 
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(Humbel et al., 1983). The point to perhaps notice here 
is that acetone of itself may have cross-linking proper-
ties, as it reacts with -NH2 groups in much the same 
way as aldehydes. Prolonged substitution in just acetone 
may cause tissue fixation or stabilization, much more 
than if just methanol is used. In our opinion, fixatives 
are not necessary for substitution if followed by embed-
ding in one of the Lowicryls at -35 °C to -80 °C. 
L. Edelmann: You have shown that different optimized 
methods may yield similar results when investigating the 
immunoreactivity of a certain tissue. What is however 
the best control when starting with another tissue? 
Wouldn't it be advisable to start with cryosubstitution 
and low temperature embedding without using chemical 
fixatives? 
Authors: Our results show that both primary and sec-
ondary antigenic sites can be immunolabeled after either 
room temperature partial dehydration or PLT protocols. 
The only proviso is that low glutara ldehyde concentra-
tions are used for fixation. The same result and level of 
immunolabeling is obtained by cryosubstitution. Thus, in 
this situation there is no advantage in using cryosubs titu-
tion. Only for (low concentration) fixative-sensitive anti-
gens, cryosubstitution is used. Larger pieces of tissue 
can be processed by the former methods and more rapid-
ly, and there is no necessity to obtain access to cryo-
equipment, as not every laboratory is well-endowed ei-
ther financially or in expertise to carry out cryo-tech-
niques . Therefore, for these laboratories (the majority) 
it is important to know the limitations in labeling sensi-
tivity that can be achieved with the straightforward room 
temperature techniques. Some antigens are very resilient, 
and can withstand any processing procedure; others are 
not. It is therefore important for the microscopist to 
understand the advantages and limitations of each meth-
od, and to gauge these in relation to the requirements of 
the biological question that needs to be answered with 
any particular tissue. Central to this, in planning a 
strategy to tackle a particular tissue or problem, is an 
understanding of what can be achieved with each meth-
od, and also an understanding of the science behind 
these methods. Certainly, the way that the acrylic resins 
can be used to increase our knowledge of the effects of 
the various parameters in tissue processing/embedding 
on structure and immunoreactivity, is an important first 
step towards this goal. We hope that this article is 
pointing us in that direction . 
Reviewer Il: Why didn't the authors block the back-
ground reaction with normal goat serum, and why didn't 
they use glycine in the PBS buffer to block free alde-
hyde groups? 
Authors: Free aldehyde groups and any potential back-
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ground reaction sites for serum or gold are blocked by 
the BSA in our buffer system . This system is applicable 
for polar and less polar acrylic resin sections (Robot, 
1989, 1991; Newman, 1989). We have not observed any 
advantage in using glycine or normal goat serum. In-
deed, the steps involving these blocking agents can 
impede immunolabeling, and agents in the serum could 
be attracted to the surfaces of the less polar Lowicryls, 
HM20/HM23 (cf. the work of Durrenberger (1989) on 
the attraction of serum components for both HM20 sec-
tion surfaces and also for protein-A gold particles). The 
glycine/goat serum steps are commonly used in the 
labeling of cryosections by the Tokuyasu method, and 
are really not generally required for resin sections. 
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